Superconducti ng accel erator bendi ng magnets i n the 4 to 5 tesla field range have been, or are being, developed for the LBL 
8-tesla range.
Analytical design studies, based on idealized configurations, have been done to trace the dependence of stresses within the coil and overall magnet size on the magnet aperture, coil current density, central magnetic field, structural ring stress, and magnetic induction in the iron flux-return yoke.
Our development program includes: 
Analytical Design Studies
A wide-range "parameter study" was undertaken,l12) using a mini-computer, to see how a variation of certain input parameters affected other output parameters. The model selected has a circular current winding with the current density uniform in radius and varying as cos 0, circular structural rings outside the winding, then the helium vessel and vacuum chamber, and outside of that, the warm-iron flux-return yoke,assumed to have infinite permeability.
In order to minimize the computational work involved, and the amount of output to be digested, thenumber of variables must be minimized. And for the samereason, rather than investigate all possible combinations, one parameter at a time was varied while all other independent parameters were held constant at their "base values". Not all of the independent parameters affect all of the dependent parameters. The input parameters selected were: Coil inside radius; field in the aperture; field at the inside surface of the iron yoke; average flux density within the iron yoke legs; current density; and stress in the structural rings. The output parameters were: Coil outside radius; structural ring outside radius; iron yoke inside radius; iron yoke o jtsi-de semi-width; maximum radial stress in the coil; and maximum tangential stress in the coil.
A selected portion of the parameter study is presented here. The results are shown in Table I But higher values result in there being insufficient space between the structural rings and the warm iron for helium, vacuum, and thermal insultaion. The average flux density in the yoke legs is 2.5 tesla. This is low enough to avoid harmful effects of saturation on the central field, but might result in excessive stray flux, depending on the particular application.
The maximum stress in the structural rings is 50 000 psi. This is low enough to avoid fatigue failure for cold-worked austenitic stainless steels and even for high-strength aluminum alloys in applications where a life of much less than 106 cycles is tolerable. For determining the stresses within the coil and the forces transmitted to the structural-ring system, the coil was considered to be made up of infinitesimal keystone-shaped conductors, bounded by radial and constantradius lines, 3nd free to slide on each other. Analytical formulas3J give the stresses directly.
The structural-ring system was considered to cover the entire coil and to extend outward from the outer radius of the coil. Stresses were calculated from exact analytical formulas for a continuous uniform ring. Field inaperture (tesla) We have under construction a 150-liter helium II bath that will operate at 1.80K and one atmosphere. Both superconductor current capacity and the thermal heat transfer are improved in superfluid helium at atmospheric pressure as compared to pool boiling normal helium at 4.2°K. Remarkable increases have been observed i n the superconducti ng stabi 1 i ty of short sampl es. We plan to study the stability margins of sizable magnets--1-meter-long dipoles--in the new facility.
The increase in the current capacity of NbTi at 1.8°K is displayed in Figures 4 and 5 , which also plot the current of NbTi at 4.2°K and multifilimentary Nb3Sn produced by the bronze process. The Nb3Sn currents are among the highest quoted in the literature5) but are still somewhat below the values achieved for the older, more developed, tape form of Nb3Sn. Therefore, some increase in the current capability of multi-filamentary Nb3Sn might be in the offing. A copper to bronze + Nqb3Sn ratio of 2:1 was assumed in generating the overall coil current-density numbers although the amount of stabilitation required for Nb3Sn is not well established.
The NbTi data are for the best high field alloy tested and reported in the literature.6) Some data exist for NbTi current densities at 1.8°K and other estimates were generated from data supplied by Robert Schermer of LASL.7) A rather low ratio of Cu to NbTi of 1:1 was assumed because at high field and 4.2°K the current capacity of the NbTi is quite low. For both the Nb3Sn and NbTi, the coil space factor, the fraction of coil volume occupied by superconductor plus stabilizer, was taken to be a fairly high 2/3. All the above assumptions are on the optimistic or high-current-density side, and one should probably plan on slightly lower current densities than appear on Figure 5 . itive with Nb3Sn up to 8 tesla, but the temperature Fig. 2 and 3 . The effects of magnetic field in the aperture and coil current density on the overall width and maximum coil compressive stresses. 
